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VOLTAGE SUPPLY DEVICE HAVING A
PLURALITY OF GENERATORS CONNECTED
IN PARALLEL

FIELD OF THE INVENTION

The present invention relates to a device for voltage supply,
for instance, for users of a vehicle electrical system of a motor
vehicle, having a plurality of generators connected 1n parallel.

BACKGROUND INFORMATION

It 1s conventional that one may connect generators 1n par-
allel for supplying voltage to users. In this context, typically
the power terminals of several series-wound generators
designed for individual operation are connected 1n parallel
without additional control devices or modifications. Load
balancing has taken place, up to now, mainly by the internal
resistance and by the negative temperature coelficient of the
controller of the respective generator. In the case of conven-
tional battery generator systems that are thermally tightly
coupled, the temperature coellicient 1s used to ensure a sui-
ficient battery load for all operating and temperature condi-
tions. In these conventional systems, because of the internal
resistance and negative temperature coeificient mentioned, a
suificiently balanced condition with regard to generator
capacity utilization can be achieved. In this instance, the
temperature coelficient has the following effect: The higher
loaded generator heats up more than the less highly loaded
generator. Because of the negative temperature coellicient,
the output voltage of greater loaded generator drops, and with
that, so does its load.

In the last few years, because of general advances 1n con-
troller technology, the internal resistance of the controllers of
the generators has been able to be significantly reduced, in
part, by more than 80%. An additional trend 1n automotive
technology led to a displacement of the battery from the
engine compartment to places that are thermally uncoupled
from the generator, for instance, to the trunk of the respective
vehicle. Because of this, regulation of the charging voltage
that was a function of the generator temperature became
nonsensical. For this reason, increasingly, controllers are
used that have a temperature coellicient of zero.

This lessening of the influence of the internal resistance
and of the temperature coellicient as actuating variables leads
to a balancing of generators that 1s clearly lower all the way to
not being present any more, 1n response to their being con-
nected 1n parallel.

Voltage differences between generators connected 1n par-
allel can come about, for instance, as a result of manufactur-
ing variances, and lead to a different current output of the
generators.

In the case of a different capacity utilization of the genera-
tors, increased wear of the more greatly loaded generator
occurs as an undesired effect. This leads to an abbreviation of
the service life of the overall system, which includes a plu-
rality of generators that are connected 1n parallel.

A device for voltage supply in a motor vehicle, having
generators connected 1n parallel, 1s described 1n German Pub-
lished Patent Application No. 41 08 861. In this conventional
device, a voltage regulator 1s assigned to each generator. In
addition, the device has at least one battery whose one termi-
nal can be connected to a voltage regulator via an ignition
switch. Furthermore, a charge control device 1s provided that
1s 1n connection with the ignition switch and the voltage
controllers, and 1s able to be connected via a switching device
to the negative terminal of the battery which 1s preferably at
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2

ground. Between the charge control device, the voltage regu-
lators and the switching device mentioned, there 1s a switch-
ing device having a plurality of components that conduct 1n
one direction and block 1n one direction. By this device, it 1s
supposed to be achieved that, by using two generators, high
clectric power can be generated, and the two generators and
voltage regulators using a single indicator, for instance a
charge control lamp, are able to indicate occurring errors 1n
one of the two generator-voltage regulator systems, the other
generator voltage regulator system being able to continue
working without a problem.

SUMMARY

By contrast, a device for voltage supply having the features
described below according to example embodiments of the
present invention provides that an unequal load distribution
with respect to the generators that are connected 1n parallel 1s
avoided or at least greatly reduced. This happens because of
an additional control unit, that 1s provided to ascertain the
capacity utilization of each of the generators, that 1s con-
nected 1n parallel, and to generate suitable control signals,
based on which the output voltages made available by the
generators 1n each case are mnfluenced such that the load
distribution 1s well balanced.

The control unit may be an external control unit situated
outside the generator-controller system. Such an arrangement
permits using commercial generator-controller systems,

Alternatively, the function of the control unit can also be
taken over by one of the generator controllers. In this alter-
native arrangement, no additional external control unit 1s
required.

Further characteristics of example embodiments of the

present invention are described in more detail below with
reference to the appended Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a parallel connection of
two generators according to an exemplary embodiment of the
present invention.

FIG. 2 shows a detailed circuit diagram to illustrate blocks
4, 5 and 6 of FIG. 1.

FIG. 3 shows a block diagram of a parallel circuit of two
generators according to an exemplary embodiment of the
present invention.

DETAILED DESCRIPTION

FIG. 1 shows a block diagram of a parallel connection of
two generators according to an exemplary embodiment of the
present mvention. Generators 1 and 2 shown, which each
have an integrated controller, are provided to make available
the required energy for the users of the motor vehicle electri-
cal system 1n the operation of a motor vehicle, and to load a
battery 3.

For this purpose, generator 1 has an output 1a, for apositive
supply voltage B+, which 1s connected via a circuit point P1
to the plus pole of battery 3. Generator 2 has an output 2a, for
a positive supply voltage B+, which 1s also connected via
circuit point P1 to the plus pole of battery 3.

Moreover, generator 1 1s furnished with a ground connec-
tion 14 which 1s connected to the minus pole of battery 3 via
ground point P2. Generator 2 1s furnished with a ground
connection 24 which 1s also connected to the minus pole of
battery 3 via ground point P2.
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Moreover, generator 1 has a measuring signal input 15, to
which 1s supplied a measuring signal M1, derived from circuit
point P1, via a first superimposed connection 5. A control
signal S1 1s supplied to superimposed connection S by a
control unit 4, and 1t modifies measuring signal M1 men-
tioned.

Generator 2 1s provided with a measuring signal input 25,
to which a measuring signal M2, that 1s also derived from
circuit point P1, 1s supplied via a second superimposed con-
nection 6. A control signal S2 1s supplied to superimposed
connection 6 by a control unit 4, and 1t modifies measuring
signal M2 mentioned.

Generator 1 also has a capacity utilization signal output 1c,
at which generator 1 makes available a capacity utilization
signal 1. This capacity utilization signal L1 indicates the
extent 1n percent to which generator 1 1s being utilized.
Capacity utilization signal L1 1s supplied to control unit 4.

Generator 2 has a capacity utilization signal output 2¢, at
which generator 2 makes available a capacity utilization sig-
nal .2. This capacity utilization signal .2 indicates the extent
in percent to which generator 2 1s being utilized. Capacity
utilization signal L2 1s also supplied to control unit 4.

Control unit 4 has the task of evaluating capacity utilization
signals L1 and L2, and of generating control signals S1 and
S2 as a function of this evaluation, which are supplied to
superimposed connections 5 and 6. By the evaluation men-
tioned, 1t 1s detected whether the capacity utilization of the
respective generator 1s too high or too low. Based on this
information, measuring signals M1 and M2 are influenced
such that the output voltages of the respective generator are
lowered or increased, so that the load distribution 1s well
balanced. In this manner, a dynamic balancing of the output
voltages and also of the output currents 1s achieved.

According to example embodiments of the present inven-
tion, 1t 1s assumed that asymmetrical load distribution comes
about because of the different output voltages of the genera-
tors, which are connected 1n parallel with each other. I1 the
output voltage 1s too low, the generator current is also too low,
and 11 the output voltage 1s too high, the generator current 1s
too great, 1n each case with reference to the other generator(s),
that 1s. By an influencing of the measuring signal that 1s
supplied to the respective generator, the generator voltage can
be manipulated. It voltage changes appear at the measuring
signal input, the controller of the generator attempts to com-
pensate for this. If the voltage at the measuring signal input
drops, the controller takes care of an increase in the output
voltage of the generator. It the voltage at the measuring signal
inputrises, the controller takes care of a lowering 1n the output
voltage of the generator. At 1ts capacity utilization signal
output, the respective generator makes available information
of the instantaneous capacity utilization of the generator. By
an evaluation of the capacity utilization signals of all genera-
tors connected in parallel, the control unit ascertains for each
of the generators whether 1t 1s generating more or less than a
desired proportion of the overall current, and makes available
control signals based on which the generator voltage, and thus
also the generator current of each generator 1s changed 1n the
sense of a symmetrical load distribution to all the generators.

The evaluation of capacity utilization signals L1, L2 and
the generation of control signals S1, S2 will be explained in
greater detail below.

Capacity utilization signals L1 and L2 are present in the
form of pulse-width modulated signals (PWM signals). The
control unit first ascertains an average value, e.g., an average
value over time, of each of the capacity utilization signals.
This average value over time represents the current generator
capacity utilization, which 1s designated as DFMc below.
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This value 1s conditioned, logically imnversely, by the genera-
tor used: a small DFMc value corresponds to a high generator
capacity utilization.

Control unit 4 then ascertains an average value DFMc¢ from
all DFMc values, ¢.g., the arithmetic average.

Subsequently, control unit 4 ascertains for each generator
the difference between the average DFMc and the respec-
tively appertaiming DFMC value. If this difference 1s positive,
the generator capacity utilization 1s too high. On the other
hand, 1f this difference 1s negative, the capacity utilization 1s
too low. This 1s represented 1n the following equation:

>0—=DEFEMc<DIFM __ :capacity utilization too high
DEMc-DEFMc

<0—=3DFMc<DIEFM_; :>capacity utilization too
low.

Control umt 4 makes available a control signal to the
respective superimposed connection, as a function of the
respectively ascertained difference, and the control signal 1s
added, for example, to the respective measuring signal. The
modified measuring signal arrives at the measuring signal
input of the respective generator and 1s used by the controller
of the generator to make the desired change of positive supply
voltage B+, that 1s made available by the generator.

The slope of the control characteristics may be adjusted by
a parameter s:

M, =M+s(DFMc-DFMc).

where:

M,, 1s the voltage value available to the generator at its mea-
suring signal mput,

M 1s the voltage value picked offl at tapping point P1,

s 1s the slope of the control characteristics,

DFMc 1s the arithmetic average of the imstantaneous genera-
tor capacity utilization values and

DFMC 1s the value of the current generator capacity utiliza-
tion, which corresponds to the average over time of gen-
erator capacity utilization signals L1 and L2.

In the case of an addition of positive voltages to measuring,
signal M1 and M2, since one would need an operating voltage
which would be greater than the voltage of the measuring
signal, and thus also mostly greater than the output voltage of
the generator, and would thus be the highest available voltage
in the system, only the negative part of the difference signal 1s
considered, so that the measuring signal 1s correspondingly
weakened. The voltage of the overall system 1s thereby regu-
lated to the highest output voltage, that 1s, to the generator that
1s most greatly loaded. This type of regulation saves having an
additional supply voltage.

A more detailed representation of blocks 4, 5 and 6 shown
in F1G. 1 1s the subject matter of FI1G. 2. In FIG. 2, control unit
4 1s implemented 1n the form of a digital controller. This
digitally reads in capacity utilization signals .1 and L2, cal-
culates the correction parameters and subsequently outputs
the regulating values. To do this, only a digital/analog con-
version 1s required at the output. This can be implemented, for
example, by the method described above, having voltage
generation at the output or by using a switch which applies the
measuring signal to ground 1n pulsed fashion, via a pulse-
width modulation. The signal, that 1s then low-pass filtered,
can be applied directly to the measuring signal input of the
generator. In such a design approach, any analog circuit com-
ponent can be omitted, except for the low-pass filter.

FIG. 2 1llustrates such an implementation. Capacity utili-
zation signals L1 and L2 are supplied to digital controller 4
shown there. From this, the controller ascertains the respec-
tive correction parameters and outputs regulation values S1,
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S2 to a switch SW1, SW2, which has R2/C1, R4/C2 postcon-
nected to 1t. The output signal of the low-pass filter 1s super-
posed on measuring signal M1, M2 that 1s guided by addi-
tional resistors R1, R3. The overall signal obtained by this
superposition 1s supplied to measuring signal mnput 15, 26 of
the respective generator.

There are various possibilities for implementing the digital
controller. Among these are, for instance, also design

approaches that use a microprocessor, a microcontroller, an
FPGA or an ASIC.

Certain refinements undertake changes in the characteris-
tics of the generator-controller system, modily the control

parameters by other control units such as the engine control,
and implement additional generator-specific functions.

FIG. 3 shows a block diagram of a parallel connection of
two generators according to an exemplary embodiment of the
present invention. This differs from the exemplary embodi-
ment shown 1n FIG. 1 1n that a superposed connection 3 1s
preconnected only to generator 1. In this example embodi-
ment, the measuring signal can be increased and also
decreased 1n superposed connection 5, so that measuring
signal mput 15 has a modified measuring signal supplied to it
that 1s greater or less than measuring signal M1, as a function
of whether output voltage B+ of generator 1 has to be reduced
or increased to balance the load distribution.

In this exemplary embodiment, 11 the proportion generator
2 has of the load distribution 1s too great, the output voltage of
generator 1 has to be increased to maintain a uniform capacity
utilization of the generators. This takes place by a suitable
reduction 1n measuring signal M1 1n superposition connec-
tion 5. Based on the reduced measuring signal applied to
measuring signal input 15, the controller of generator 1 pro-
vides that the output voltage of generator 1 1s increased. This
increases the proportion of generator 1 of the load distribu-

tion. The proportion of generator 2 has ofthe load distribution
1s automatically reduced by this.

In this exemplary embodiment, 11 the proportion generator
2 has of the load distribution is too small, the output voltage
of generator 1 has to be reduced to maintain a uniform capac-
ity utilization of the generators. This takes place by a suitable
increase 1n measuring signal M1 1n superposition connection
5. Based on the increased measuring signal applied to mea-
suring signal input 15, the controller of generator 1 provides
that the output voltage of generator 1 1s reduced. This lowers
the proportion generator 1 has of the load distribution. The
proportion generator 2 has of the load distribution 1s thereby
automatically increased.

In this exemplary embodiment, since even an increase in
measuring signal M1 has to be possible, an additional supply
voltage 1s required which 1s made available either to control
unit 4 or to superposition connection 5.

Nevertheless, example embodiments of the present inven-
tion make available a device, having a plurality of generators
connected 1n parallel, 1n which a uniform capacity utilization
of the generators 1s achieved 1n a reliable and a cost-effective
manner. It1s particularly applicable for achieving a symmetri-
cal operation when using modern generators, that 1s, genera-
tors without temperature coeificients and having low internal
resistance. However, 1t can also be used in connection with
older generators that have a negative temperature coellicient
and high internal resistance. In that case, too, the use of
example embodiments of the present invention leads to sig-
nificant improvements with respect to symmetry, and thus to
an extension of the service life of the system.

LIST OF REFERENCE CHARACTERS

1 first generator
1a output for positive voltage supply

5

10

15

20

25

30

35

40

45

50

55

60

65

6

15 measuring signal mput

1c capacity utilization signal output
14 ground terminal

2 second generator

2a output for positive supply voltage
26 measuring signal input

2¢ capacity utilization signal output
2d ground terminal

3 battery

4 control unit

5 first superposition connection

6 second superposition connection
C1,C2 capacitors

[.1,1.2 capacity utilization signals
M1,M2 measuring signals

P1 tapping point for measuring signal
P2 ground point

R1,R2.R3.R4 ohmic resistors

S1,S2 control signals
SWI1,.SW2 switch

What 1s claimed 1s:

1. A device for voltage supply, comprising:

a first generator having a first output for a positive supply
voltage, a first input for a first load adjustment measur-
ing signal and a first capacity utilization signal output;

a second generator connected 1n parallel to the first gen-
erator, having a second output for a positive supply
voltage, a second mput for a second load adjustment
measuring signal and a second capacity utilization sig-
nal output;

a control unit to generate a first control signal representing
a first generator load change derived from the first capac-
ity utilization signal output and from the second capacity
utilization signal output; and

a {irst superposition connection to combine the first control
signal and the first and the second positive supply volt-
age outputs and generate the first load adjustment mea-
suring signal.

2. The device according to claim 1, further comprising:

a second superposition connection to combine a second
control signal and the first and the second positive sup-
ply voltage outputs and generate the second measuring
signal, wherein the control unit generating generates the
second control signal representing a second generator
load change derived from the first capacity utilization
signal output and from the second capacity utilization
signal output.

3. The device according to claim 1, wherein a pulse-width
modulated signal 1s present 1n each case at the capacity utili-
zation signal outputs and the control unit 1s configured to
calculate an average value of each capacity utilization signal.

4. The device according to claim 3, wherein the control unit
1s configured to calculate an average value of the average
values of all the capacity utilization signals.

5. The device according to claim 4, wherein the control unit
1s configured to calculate an arithmetic average value of the
average values with respect to time of all the capacity utili-
zation signals.

6. The device according to claim 3, wherein the control unit
1s configured to calculate a difference between the average
value with respect to time of a respective generator and the
calculated average value of a plurality of capacity utilization
signal values from a plurality of generators and generate a
control signal for the respective generator as a function of the
calculated difference.
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7. The device according to claim 6, wherein the first mea-
suring signal that 1s supplied to the first generator 1s at least
one of (a) decreased and (b) increased 1n accordance with the
first control signal.

8. The device according to claim 1, wherein the control unit
includes a digital controller.

9. The device according to claim 1, wherein the combina-
tion of the control signal and the first and the second positive
supply voltage outputs includes an addition of the control
signal and the first and the second positive supply voltage
outputs.

10. The device according to claim 1, wherein the first and
the second positive supply voltage outputs are coupled to the
second measuring signal input.

11. The device according to claim 1, further comprising:

a second superposition connection, wherein the control

unmt generates a second generator load change derived
from the first capacity utilization signal output and from
the second capacity utilization signal output and the
second superposition connection combines the second
control signal and the first and the second positive sup-
ply voltage outputs to generate the second measuring
signal input.
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12. A device for providing a voltage supply, comprising:

a plurality of generators connected in parallel, each having
a positive supply voltage output, an mput for a load
adjustment measuring signal, and a capacity utilization
signal output;

a control unit to generate a control signal for each generator
representing a load change for a respective generator
derived from the capacity utilization signal outputs of
the plurality of generators; and

a superposition connection for each generator to superim-
pose the control signal of a respective generator and the
positive supply voltage outputs and generate the load
adjustment measuring signal for the respective genera-
tor.

13. The device according to claim 12, wherein the super-
imposing of the control signal of the respective generator and
the positive supply voltage outputs includes adding the con-
trol signal of the respective generator to a voltage of the
positive supply voltage outputs.
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